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One of crucial phases in product design and development is concept selection phase. The best concept 
resulted in this phase will be developed and embodied to fulfill the customer need. In most cases, the 
importance weight of each criterion used in concept selection and the performance rate of each concept 
alternative with respect to each criterion are determined based on the competence and intuition of some 
decision makers. Therefore, they are subjective, imprecise, and vague. 
In this paper, the best concept selection of stretcher is determined by applying Fuzzy Multiple Attribute 
Decision Making as the aggregation method of performance ratings with respect to all criteria for each 
alternative and Technique for Order Preference by Similarity to Ideal Solution as the ranking method of 
alternatives according to the overall aggregated performance ratings. Three stretcher concept alternatives are 
evaluated to select the best stretcher concept alternative. The criteria used in the stretcher concept selection 
are lightness, compactness, tight bond, strong join, reasonable price, easiness to use, easiness to identify 
blood, and easiness to hold. In addition, the decision makers who give opinion related to the importance 
weight and performance rate are designer, manufacturer, and lead user.  
By applying the fuzzy multiple attribute group decision making, the concept selection process is more 
effective and objective.  
 




One of crucial phases in product design and 
development is concept selection phase. The best 
concept resulted in this phase will be developed 
and embodied to fulfill the customer need. In the 
concept selection phase, two important steps must 
be conducted carefully to obtain a good result. The 
first step is determination of selection criteria and 
the importance weight of each criterion. The 
second step is determination of performance rate 
for each concept alternative with respect to each 
criterion. 
In most cases, the importance weight of each 
criterion used in the concept selection is expressed 
in linguistic terms and determined based on the 
competence and intuition of some decision 
makers. The decision makers usually consist of 
lead user, designer, and manufacturer. Because the 
importance weight is determined based on the 
intuition, the importance weight of each criterion 
is subjective, imprecise, and vague. The 
subjectivity, imprecision, and vagueness are 
mostly caused by three sources such as 
unquantifiable, incomplete, and non-obtainable 
information [1].  
Furthermore, the performance rate of each 
alternative concept with respect to each criterion is 
also expressed in linguistic terms and determined 
based on the competence and intuition of the 
decision makers. As a result, the performance rate 
of each concept alternative also involves 
subjectivity, imprecision, and vagueness. 
By using the traditional methodology, an 
unsatisfactory solution may be generated in 
selecting the best concept. For that reason, it is 
required to implement a methodology that 
accommodate the subjectivity, imprecision, and 
vagueness in determining the importance weight 
of all selection criteria and performance rating of 
all concept alternatives.  
 
2. Literature Study 
To select the best alternative form a finite 
number of alternatives characterized by multiple 
attributes, Multiple Attribute Decision Making 
(MADM) can be applied as the selection methods. 
Because the classical MADM cannot effectively 
handle multiple attribute group decision making 
problems with subjective, imprecise and vague 
information, then Fuzzy Multiple Attribute 
Decision Making (FMADM) is implemented to 
solve the problem with subjective, imprecise, and 
vague information.  
Some researches have been conducted in 
applying FMADM to select the best alternative 
from a finite set of alternatives. Liang and Wang 
implemented FMADM in robot selection [2]. 
Chen applied FMADM for handling multiple 
attribute fuzzy decision making problems in tool 
steel materials selection [3]. Olcer and Odabasi 
develop a new FMADM and apply it to 
propulsion/maneuvering system selection [4]. 
Chuu also applies FMADM to evaluate Advance 
Manufacturing Technology [5]. 
Based on the literature review performed by 
Olcer and Odabasi, FMADM methods consist of 
two phases, which are aggregation of the 
performance ratings with respect to all attributes 
for each alternative and determination the ranking 
order of alternatives according to the overall 
aggregated performance ratings [4]. For the first 
phase, Olcer and Odabasi classify the methods to 
simple additive weighting based FMDAM 
approaches, Analytic Hierarchy Process (AHP) 
based FMDAM approaches, outranking relation 
based FMDAM approaches, implied conjunction 
methods, fuzzy linguistic approaches, and 
miscellaneous FMADM methods [4]. For the 
second phase, Ates, N. Y., et. al. describe two 
multiple attribute evaluation methods for fuzzy 
ranking, which are Fuzzy Technique for Order 
Preference by Similarity to Ideal Solution 
(TOPSIS) and Fuzzy AHP [6]. Fuzzy TOPSIS is 
developed from the classical TOPSIS, which was 
introduced by Hwang and Yoon [7]. Ates, N. Y., 
et. al. compare the existing Fuzzy TOPSIS 
methods based on their type of attribute weight, 
type of fuzzy number, ranking method, and 
normalization method [6]. 
According to the Olcer and Odabasi 
classification, the possible fuzzy linguistic 
FMADM method for crisp and fuzzy type of 
performance rating and fuzzy type of attribute 
weight is the method proposed by Chen, C. T. [4]. 
Olcer and Odabasi suggest TOPSIS method in 
ranking phase because it is quite effective in 
identifying the best alternative quickly and gives 
general and broad acceptability in many problem 
domains. 
Chen, C. T., proposes that the rating of each 
alternative and the weight of each criterion, which 
are described by linguistic terms, are expressed in 
triangular fuzzy numbers [8]. Then a vertex 
method for TOPSIS is proposed to calculate the 
distance between two triangle fuzzy numbers. In 
his research, it is assumed that the fuzzy positive 
(FPIS) and negative ideal solutions (FNIS) as (1, 
1, 1) and (0, 0, 0) respectively. 
Referring to Chen, et. al., A = {A1, A2, ..., Am} 
is a set of alternatives for the problem of fuzzy 
hybrid multiple attribute decision making and C = 
{C1, C2, ..., Cn} is a set of criteria with which all 
the alternatives are rated. The performance rating 
of alternative Ai to criteria Cj is denoted as xij (i = 
1, 2, ..., m and j = 1, 2, …, n)) The value of xij is 
not merely crisp but also fuzzy. All values of xij 
are formed a decision making matrix, it denoted as 
































Furthermore, ]~,...,~,~[~ 21 nj wwww =  is the 
weight of criterion, where jw~ satisfies  








Because the decision makers consist of more 
than one person, the performance rating of 
alternative xij with respect to each criterion and 
importance weight of the criteria wj can be 
calculated as  
]~...~~[~ 211 KijijijKij xxxx +++=  (1) 
]~...~~[~ 211 KjjjKj wwww +++=  (2) 
where Kijx~ and 
K
jw~ are the performance rating and 
the importance weight of the Kth decision maker 
respectively. 
In this research, ijx~ and jw~ are linguistic 
variable and can be described by triangular fuzzy 
number ),,( ijijij cba and ),,( 321 jjj www  
respectively. 
To obtain the normalized fuzzy decision 
matrix, the linear scale transformation is used. R~ , 
which denotes the normalized fuzzy decision 
matrix, is calculated as  
mxnijrR ]~[
~
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aaj min=− for cost criteria 
Furthermore, because of the different 
importance of each criterion, the weighted 
normalized fuzzy decision matrix can be 
constructed as  
mxnijvV ]~[
~
=    (4) 
for i = 1, 2, …, m and j = 1, 2, …, n where 
jijij wrv ~(.)~~ = . 
Then, we can define the FPIS (A*) and FNIS 
(A-) as )~,...,~,~(* **2
*
1 n
vvvA =  and 
)~,...,~,~( 21
−−−− = nvvvA where ,1) ,1 (1v~
*
j =  and 
,0) ,0 (0v~j =
−  for j = 1, 2, …, n. 
The distance of each alternative from A* and 
A- are calculated as  
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for i = 1, 2, …, m and 
















  (6) 
for i = 1, 2, …, m 
A closeness coefficient is defined to determine 
the ranking order of all alternatives. The closeness 








dCC *         (7) 
for i = 1, 2, …, m. According to the closeness 
coefficient, we can determine the ranking order of 
all alternatives and determine the alternative, 
which has the highest closeness coefficient as the 
best alternative.  
The flow of work, which is followed in this 
research, is summarized as follows: 
First Stage 
Step 1: Form a committee of decision makers 
Step 2: Identify the selection criteria with types 
of them 
Step 3: List all possible alternatives 
Step 4: Determine an appropriate linguistic 
variables for the importance weight of criteria 
Step 5: Determine an appropriate linguistic 
variables for the performance rating of 
alternatives with respect to selection criteria 
Step 6: Collect decision makers’ opinion for the 
importance weight of each criterion 
Step 7: Collect decision makers’ opinion for the 
performance rating of each alternative 
Second stage 
Step 8: Aggregate the importance weight of 
each criterion to obtain the aggregate fuzzy 
weight of criterion 
Step 9: Aggregate the performance rating of 
each alternative with respect to selection criteria 
Step 10: Construct a fuzzy decision matrix 
Third Stage 
Step 11: Normalize the fuzzy decision matrix 
Step 12: Construct a weighted normalized fuzzy 
decision matrix 
Step 13: Define the Fuzzy Positive Ideal 
Solution and Fuzzy Negative Ideal Solution 
Step 14: Calculate the distance of each 
alternative from FPIS and FNIS 
Step 15: Calculate the closeness coefficient of 
each alternative 
Step 16: Determine the ranking order of all 
alternatives and choose the best alternative   
  
3.  Case Study 
 
In this paper, a concept selection of a new 
stretcher is taken as a case study. There are some 
characteristics in the new stretcher concept 
selection. First, the new stretcher concept 
selection involves more that one criterion in 
selecting concept. The criteria used in the stretcher 
concept selection are lightness (C1), compactness 
(C2), tightness of bond (C3), strongness of join 
(C4), reasonable price (C5), easiness to use (C6), 
easiness to identify blood (C7), and easiness to 
hold (C8). According to the type of attribute, all 
criteria above are included as benefit type of 
attribute. Each of criteria has its importance 
weight determined based on the decision makers 
opinion. According to the type of variable, all 
performance rating of criteria in the concept 
selection are linguistic variable. Meanwhile, the 
type of all importance weight is only linguistic 
variable.  
In the new stretcher concept selection, more 
than one individual with his or her own 
competence and intuition are required to give his 
or her opinion with regard to the importance 
weight of all criteria and the performance rating of 
all alternatives. The decision makers are lead user 
(D1), designer (D2), and manufacturer (D3). 
From generation concept phase, five concept 
alternatives of stretcher are generated. Through 
concept screening, these five concept alternatives 
are screened to three concept alternatives. Then, 
three concept alternatives (A1 – A3) are evaluated 
to obtain the best concept by performing concept 
selection.  
The first concept alternative (A1) uses one 
strap with six holes and implements a button to 
join two holders of the stretcher. For the second 
concept alternative (A2), one strap with a buckle 
is used. In addition, it has fourteen holes in it. To 
join two holders of the stretcher, the small holder 
is inserted to the larger holder and both of them 
are hold firmly with the aid of a pin. The last 
concept alternative (A3) is similar to the first 
concept selection. Instead of using a button, the 
small holder of this concept alternative is inserted 
to the larger holder and both of them are hold 
firmly with the aid of a pin.  
At the first stage, each of decision makers 
gives their performance rating of all alternatives 
with the respect to each attribute. The purpose of 
this stage is to convert the performance ratings 
from the decision makers, which are mostly in 
expressed in linguistic term into standardized 
positive triangular fuzzy numbers. The linguistic 
terms and their corresponding fuzzy number may 
vary. However, a conversion scale with 5 labels as 
listed in table 1 is used. 
 
Table 1. Linguistic Variables for the Ratings 
Linguistic Terms Fuzzy Number 
Very Poor (VP) (0, 0, 1) 
Poor (P) (0, 1, 3) 
Fair (F) (3, 5, 7) 
Good (G) (7, 9, 10) 
Very Good (VG) (9, 10, 10) 
  
The importance weights of all criteria are also 
converted from linguistic term into standardized 
positive triangular fuzzy numbers. The conversion 
scale for the importance weight can be seen in 
table 2. 
 
Table 2. Linguistic Terms for the Importance 
Weight 
Linguistic Terms Fuzzy Number 
Very Low (VL) (0.0, 0.0, 0.1) 
Low (L) (0.0, 0.1, 0.3) 
Medium (M) (0.3, 0.5, 0.7) 
High (H) (0.7, 0.9, 1.0) 
Very High (VH) (0.9, 1.0, 1.0) 
 
The decision makers’ opinion for the 
importance weight of each criterion is shown in 
table 3. Meanwhile, the decision makers’ opinion 
for the performance rating for each alternative can 
be seen in table 4. 
At the second stage, the importance weights of 
all criteria based on three decision makers are 
aggregated to obtain the aggregate fuzzy weight of 
criteria. Then, all performance ratings of each 
alternative with respect to all criteria based on 
three decision makers are aggregated to construct 
a fuzzy decision matrix. The fuzzy decision matrix 
and fuzzy weight of three alternatives can be seen 
in table 5. 
At the last stage, the fuzzy decision matrix is 
normalized. The normalized fuzzy decision matrix 
is constructed by using TOPSIS with linear scale 
transformation as seen in figure 6. Then, 
considering the different importance of each 
criterion, the fuzzy weighted normalized decision 
matrix is constructed as shown in table 7.  
Because the FPIS (A*) and FNIS (A-) are 
defined according to Chen, C. T., as [(1, 1, 1), (1, 
1, 1), (1, 1, 1), (1, 1, 1), (1, 1, 1), (1, 1, 1), (1, 1, 
1), (1, 1, 1)] and [(0, 0, 0), (0, 0, 0), (0, 0, 0), (0, 0, 
0), (0, 0, 0), (0, 0, 0), (0, 0, 0), (0, 0, 0),] 
respectively, the distance of each alternative from 
FPIS and FNIS can be calculated as listed in table 
8. 
 
Table 3. The Importance Weight of Each 
Criterion 
 D1 D2 D3 
C1 (0.9, 1.0, 1.0) (0.9, 1.0, 1.0) (0.9, 1.0, 1.0) 
C2 (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) 
C3 (0.7, 0.9, 1.0) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) 
C4 (0.7, 0.9, 1.0) (0.9, 1.0, 1.0) (0.7, 0.9, 1.0) 
C5 (0.3, 0.5, 0.7) (0.9, 1.0, 1.0) (0.7, 0.9, 1.0) 
C6 (0.7, 0.9, 1.0) (0.7, 0.9, 1.0) (0.7, 0.9, 1.0) 
C7 (0.3, 0.5, 0.7) (0.0, 0.1, 0.3) (0.0, 0.1, 0.3) 
C8 (0.9, 1.0, 1.0) (0.0, 0.1, 0.3) (0.7, 0.9, 1.0) 
 
Table 4. The Performance Rating of all 
Alternatives with Respect to All Criteria 
  D1 D2 D3 
C1 A1 (0, 1, 3) (0, 1, 3) (0, 1, 3) 
A2 (7, 9, 10) (7, 9, 10) (7, 9, 10) 
A3 (7. 9. 10) (7, 9, 10) (7, 9, 10) 
C2 A1 (3, 5, 7) (3, 5, 7) (3, 5, 7) 
A2 (3, 5, 7) (3, 5, 7) (3, 5, 7) 
A3 (3, 5, 7) (3, 5 ,7) (3, 5, 7) 
C3 A1 (3, 5 , 7) (0, 1, 3) (3, 5, 7) 
A2 (9, 10, 10) (7, 9, 10) (7, 9, 10) 
A3 (3, 5 ,7) (0, 1, 3) (3, 5, 7) 
C4 A1 (7, 9, 10) (3, 5, 7) (7, 9, 10) 
A2 (9, 10, 10) (9, 10, 10) (9, 10, 10) 
A3 (9, 10, 10) (9, 10, 10) (9, 10, 10) 
C5 A1 (0, 0, 1) (0, 1, 3) (0, 1, 3) 
A2 (3, 5, 7) (3, 5, 7) (3, 5, 7) 
A3 (7, 9 ,10) (3, 5, 7) (3, 5, 7) 
C6 A1 (9, 10, 10) (7, 9, 10) (7, 9, 10) 
A2 (3, 5, 7) (7, 9, 10) (3, 5, 7) 
A3 (7, 9, 10) (7, 9, 10) (7, 9, 10) 
C7 A1 (3, 5, 7) (3, 5, 7) (3, 5, 7) 
A2 (7, 9, 10) (7, 9, 10) (7, 9, 10) 
A3 (3, 5, 7) (3, 5, 7) (3, 5, 7) 
C8 A1 (3, 5, 7) (3, 5 ,7) (3, 5, 7) 
A2 (7, 9, 10) (7, 9, 10) (7, 9, 10) 
A3 (3, 5, 7)  (3, 5, 7) (3, 5, 7) 
 
 
Table 5. The Fuzzy Decision Matrix and Fuzzy 
Weight of Three Alternatives 
 C1 C2 C3 
A1 (0.0, 1.0, 3.0) (3.0, 5.0, 7.0) (2.0, 3.7, 5.7) 
A2 (7.0, 9.0, 10) (3.0, 5.0, 7.0) (7.7, 9.3, 10) 
A3 (7.0, 9.0, 10) (3.0, 5.0, 7.0) (2.0, 3.7, 5.7) 
Weight (0.9, 1.0, 1.0)  (0.3, 0.5, 0.7) (0.4, 0.6, 0.8) 
 
Table 5. The Fuzzy Decision Matrix and Fuzzy 
Weight of Three Alternatives (cont.) 
 C4 C5 C6 
A1 (5.7, 7.7, 9.0) (0.0, 0.7, 2.3) (7.7, 9.3, 10) 
A2 (9.0, 10, 10) (3.0, 5.0, 7.0) (4.3, 6.3, 8.0) 
A3 (9.0, 10, 10) (4.3, 6.3, 8.0) (7.0, 9.0, 10) 
Weight (0.8, 0.9, 1.0) (0.6, 0.8, 0.9) (0.7, 0.9, 1.0) 
 
Table 5. The Fuzzy Decision Matrix and Fuzzy 
Weight of Three Alternatives (cont.) 
 C7 C8 
A1 (3.0, 5.0, 7.0) (3.0, 5.0, 7.0) 
A2 (7.0, 9.0, 10) (7.0, 9.0, 10) 
A3 (3.0, 5.0, 7.0) (3.0, 5.0, 7.0) 
Weight (0.1, 0.2, 0.4) (0.5, 0.7, 0.8) 
 
Table 6. The Fuzzy Normalized Decision 
Matrix 
 C1 C2 C3 
A1 (0.0, 0.1, 0.3) (0.4, 0.7, 1.0) (0.2, 0.4, 0.6) 
A2 (0.7, 0.9, 1.0) (0.4, 0.7, 1.0) (0.8, 0.9, 1.0) 
A3 (0.7, 0.9, 1.0) (0.4, 0.7, 1.0) (0.2, 0.4, 0.6) 
 
Table 6. The Fuzzy Normalized Decision 
Matrix (cont.) 
 C4 C5 C6 
A1 (0.6, 0.8, 0.9) (0.0, 0.1, 0.3) (0.8, 0.9, 1.0) 
A2 (0.9, 1.0, 1.0) (0.4, 0.6, 0.9) (0.4, 0.6, 0.8) 
A3 (0.9, 1.0, 1.0) (0.5, 0.8, 1.0) (0.7, 0.9, 1.0) 
 
Table 6. The Fuzzy Normalized Decision 
Matrix (cont.) 
 C7 C8 
A1 (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) 
A2 (0.7, 0.9, 1.0) (0.7, 0.9, 1.0) 
A3 (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) 
 
Table 7. The Fuzzy Weighted Normalized 
Decision Matrix 
 C1 C2 C3 
A1 (0.0, 0.1, 0.3) (0.13, 0.36, 0.7) (0.09, 0.23, 0.45) 
A2 (0.63, 0.9, 1.0) (0.13, 0.36, 0.7) (0.33, 0.59, 0.80) 
A3 (0.63, 0.9, 1.0) (0.13, 0.36, 0.7) (0.09, 0.23, 0.45) 
 
Table 7. The Fuzzy Weighted Normalized 
Decision Matrix (cont.) 
C4 C5 C6 
A1 (0.43, 0.72, 0.9) (0.0, 0.07, 0.26) (0.54, 0.84, 1.0) 
A2 (0.69, 0.93, 1.0) (0.24, 0.50, 0.79) (0.30, 0.57, 0.80) 
A3 (0.69, 0.93, 1.0) (0.34, 0.63, 0.9) (0.49, 0.81, 1.0) 
Table 7. The Fuzzy Weighted Normalized 
Decision Matrix (cont.) 
C7 C8 
A1 (0.03, 0.12, 0.3) (0.16, 0.33, 0.54) 
A2 (0.07, 0.21, 0.43) (0.37, 0.6, 0.77) 
A3 (0.03, 0.12, 0.30) (0.16, 0.33, 0.54) 
Table 8. The Distance Measurement 
di* di - 
A1 5.36 3.19 
A2 3.77 4.84 
A3 4.10 4.53 
Finally, according to closeness coefficient, the 
ranking order of the three alternatives can be 
sorted as seen in table 9. It is obvious that the 
second alternative is the best alternative because it 
has the highest closeness coefficient. 
Table 9. The Closeness Coefficient 
CC Ranking 
A1 0.37 3 
A2 0.56 1 
A3 0.52 2 
Conclusions 
This paper present the use of FMADM as the 
aggregation method of the performance ratings 
with respect to all criteria for each alternative and 
TOPSIS as the ranking method of alternatives 
according to the overall aggregated performance 
ratings in a new stretcher concept selection. Based 
on the applied methods, the second concept 
alternative is selected as the best result. 
By applying the fuzzy multiple attribute group 
decision making in the new stretcher concept 
selection, the concept selection process is more 
effective and objective.  
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